Case Summary {#sec0001}
============

An asymptomatic 63-year-old Vietnamese male with a history of Lynch syndrome and colon, liver, and thyroid cancer presented to our nuclear medicine suite in early April 2020 for routine staging fluorodeoxyglucose positron-emission tomography/computed tomography (FDG PET/CT) extending from the skull base to the mid thighs. Patient was status post remote thyroidectomy and radioactive iodine therapy for papillary thyroid cancer and right hemicolectomy with neoadjuvant chemotherapy in 2019 for colon adenocarcinoma. He had also undergone segment VI hepatectomy for hepatocellular carcinoma secondary to hepatitis C.

The most recent cancer staging imaging performed four months prior (contrast enhanced CT of the chest, abdomen, and pelvis) described 2 small abdominal lymph nodes suspicious for recurrent colon cancer but was otherwise negative. Notably, the lungs at that time were clear. FDG PET/CT demonstrated multifocal, peripheral ground glass opacities throughout the lungs with right lower lobe predominance. All ground glass opacities, some of which were very faint on the attenuation correction CT, demonstrated markedly increased FDG uptake. The maximum standardized uptake value (SUV) was 9.5 in the right lower lobe. The radiologic appearance of the parenchymal lung disease was typical for COVID-19 and the ordering provider and the nuclear medicine technicians working with the patient were alerted. There was also increased FDG uptake within numerous cervical and thoracic lymph nodes with SUV max of 9.6 in a subcarinal nodal conglomerate ([Fig. 1](#fig0001){ref-type="fig"}). Given the similar FDG uptake of the lymph nodes compared to the ground glass lung opacities, hypermetabolic lymph nodes were favored to represent reactive nodes secondary to COVID-19 lung involvement rather than new, metastatic disease.Fig. 1(A) PET maximum intensity projection (MIP) image demonstrates two hypermetabolic areas in the right lung (arrows) with an SUV max of 9.5 in the right lower lobe. There are also hypermetabolic mediastinal and hilar lymph nodes (arrowhead) with an SUV max of 9.6 in a subcarinal nodal conglomerate. Axial images (*B*, low dose CT; *C*, PET/CT fusion) demonstrate a large area of peripheral ground glass in the right lower lobe (arrow) with associated increased FDG uptake. Additional axial PET/CT fusion image (*D*) shows hypermetabolic mediastinal lymph nodes (arrowheads) as well as areas of increased FDG uptake in the periphery of both lungs (arrows), corresponding to subtle areas of parenchymal ground glass opacities on axial CT (*E).*Fig. 1

FDG PET/CT also showed a long segment of small bowel in the mid-abdomen with mildly increased FDG uptake (SUV max of 4.7). The 2 lymph nodes in the lower abdomen (described on prior cancer staging CT) had slightly decreased in size, but also showed mildly increased FDG uptake with SUV max of 2.9. These findings are of uncertain significance, but were described as possible gastrointestinal manifestations of COVID-19. Reevaluation of these areas on repeat FDG PET/CT (and correlation with CEA levels) in 3 to 6 months after resolution of lung disease was recommended.

The following day, patient underwent testing for COVID-19 via nasopharyngeal swab and the hospital\'s lab-developed SARS-CoV-2 (COVID-19) qualitative PCR was positive. The patient was alerted of these results by the laboratory and discussed its implication with his provider at the international medicine clinic. Patient denied any symptoms including cough, fever, or shortness of breath. He was not employed and lives alone. Patient was advised to self-isolate.

At the time of this patient\'s FDG PET/CT, most elective examinations (particularly exams for patients with flu-like symptoms or with serious pre-existing health conditions) were being rescheduled per a temporary hospital policy. All patients entering the hospital were screened at the entrances for symptoms of COVID-19 and, if symptomatic, would be provided with a surgical mask and placed in an isolation room. In this specific case, our patient was asymptomatic, but chose to wear a surgical mask as a precaution. Unless patients were known to have COVID-19, imaging suites were sanitized using standard cleaning procedures using quaternary ammonium/alcohol impregnated wipes. If an infected patient was imaged, the imaging room would be closed for one hour following the exam and cleaned via a high-efficiency particulate air (HEPA) filter. Each day, all radiologists and nuclear medicine technicians were provided with standard 3-layer disposable surgical masks for continuous use throughout the day, particularly during direct patient care. Employees exposed to COVID-19 were required to return to work if they were asymptomatic and attest to their daily health and lack of relevant symptoms. No reverse-transcription polymerase chain reaction (RT-PCR) tests were performed for asymptomatic employees. Although COVID-19 was not confirmed in our patient until after imaging was complete and the patient was discharged, the diagnosis was suspected based on his imaging and the nuclear medicine technicians were informed of their possible exposure that day and advised to undergo daily self-screening ([Fig. 1](#fig0001){ref-type="fig"}).

Discussion {#sec0002}
==========

In late December 2019, a novel coronavirus (COVID-19) was discovered in a cluster of patients with severe lower respiratory tract infections in Wuhan, Hubei Province, China. Symptoms were typical of severe pneumonia including cough, fever, fatigue, and shortness of breath [@bib0001]. China reported this outbreak to the World Health Organization on December 31, 2019 and cases of COVID-19 within and outside of China began to exponentially increase in the following weeks and months [@bib0002]. As of June 10, 2020, COVID-19 has spread to 213 countries and infected over 7.4 million people. The global death toll currently exceeds 400,000 and World Health Organization classified COVID-19 as a public health emergency of international concern on January 30, 2020 and a worldwide pandemic on March 11, 2020. The first known case in the United States was confirmed in Washington state on January 20, 2020 [@bib0003]. COVID-19 has since spread to all 50 states with over 2 million confirmed cases in the United States and over 115,000 deaths [@bib0004].

Clinical manifestations of COVID-19 are variable ranging from no symptoms to critical illness including respiratory failure, septic shock, and multiorgan dysfunction. Most patients with COVID-19 (approximately 80%) experience mild respiratory symptoms typical of other viral infections including, but not limited to cough, fever, headache, dyspnea, and fatigue [@bib0005]. Elderly and patients of any age with severe underlying health conditions are at increased risk of serious respiratory illness including acute respiratory distress syndrome and death. In addition to pulmonary symptoms, gastrointestinal symptoms including diarrhea, nausea, vomiting, and abdominal pain have been reported in approximately 5% of infected patients [@bib0006]. Additionally, SARS-CoV-2 RNA has been identified in anal/rectal swabs and stool specimens in COVID-19 patients even after upper respiratory tract infection had cleared, and respiratory samples were negative \[[@bib0007],[@bib0008]\]. Given the potential for gastrointestinal involvement in COVID-19 patients, we suggested that the increased FDG uptake within our patient\'s gastrointestinal system (specifically within a single long segment of small bowel and 2 abdominal lymph nodes) could be related to extra-pulmonary manifestations of COVID-19.

Importantly, it has been postulated that a substantial percentage of patients infected with COVID-19 are asymptomatic with estimates ranging from 18% to 33% \[[@bib0009],[@bib0010]\]. Even though human-to-human transmission occurs primarily through droplets generated by coughing and sneezing, transmission can also occur before onset of symptoms and via asymptomatic carriers. The droplets spread from the respiratory tract can travel up to 6 feet and remain viable on some surfaces for several days \[[@bib0002],[@bib0011]\]. For this reason, worldwide public health measures such as quarantine, self-isolation, and social distancing in all populations, including those without symptoms, have been mandated in order to contain and slow the spread of disease.

The diagnosis of COVID-19 is currently made from nasopharyngeal or oropharyngeal swabs with RT-PCR, real‐time RT-PCR, and reverse transcription loop‐mediated isothermal amplification [@bib0012]. In early January 2020, the University of Washington virology department began developing an RT-PCR test for COVID-19. The Food and Drug Administration granted University of Washington emergency authorization for patient testing on February 29, 2020 \[[@bib0013],[@bib0014]\]. Our patient was diagnosed with COVID-19 with this test the day after his FDG PET/CT was obtained in early April 2020.

Chest CT features with increased specificity for COVID-19 include bilateral, peripheral ground glass opacities with or without consolidation or intralobular septal thickening ("crazy paving"). Atypical findings include isolated consolidation without ground glass, discrete pulmonary nodules, lung cavitation, and smooth interlobular septal thickening with pleural effusion [@bib0015]. A few recent publications also describe the incidental detection of COVID-19 on routine staging FDG PET/CT. Like any infectious of inflammatory process, the areas of affected lung demonstrate increased FDG uptake. A recent article published in the Journal of Nuclear Medicine described 6 of 65 patients undoing routine FDG PET/CT who showed unexpected findings of pneumonia on the CT portion of the exam with corresponding areas FDG-uptake on PET. Of these 6 patients, 5 were diagnosed with COVID-19 by RT-PCR. All patients in this cohort were asymptomatic [@bib0016].

Currently, there are no validated anti-viral medications or other specific therapies targeted toward the treatment of COVID-19. Management of this disease is symptomatic and, more importantly, focused on public health measures which slow the spread of disease, an epidemiolocal concept referred to as "flattening the curve." Without such measures such as quarantine, social distancing policies, and self-isolation, a large influx of new COVID-19 positive cases in a short amount of time would overwhelm the global healthcare system, exceeding the number of available hospital beds, healthcare staff, and/or mechanical ventilators. Consequently, there would be an exponential increase in the number of deaths both directly and indirectly related to COVID-19 [@bib0017]. Therefore, early recognition of patients with COVID-19 (radiologic or otherwise) is critical in order to isolate these cases and prevent additional infection.
